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Spider silk displays incredible strength and elas-
ticity for its size and weight.[1] These properties 
have sparked interest in determining the protein 
structures of the silk fibers allowing for the  pro-
duction of synthetic silks.[2] This study compares 
the mid-infrared (Mid IR) spectra of silk from five 
different spider species to investigate the com-
monalities between species and web type. The 
results demonstrate the Mid IR spectra from all 
types of spider silk to be similar, showing protein 
peaks in the Amide I and II regions. To study the 
environmental effects of the acid solution on the 
silk protein structure, two of the five species’ silk: 
Black & Yellow Orb Weaver (Argiope aurantia) 
and Black Widow (Latrodectus hesperus), were 
exposed to either rain water or 0.001 M sulphuric 
acid solution, similar to acid rain in pH. Spectra 
obtained at the Mid IR beamline and the data 
obtained from the X-ray Absorption Near Edge 
Spectroscopy (XANES) were compared for these 
samples to see the effect of the acid rain-like solu-
tion on the silk proteins. No conclusive evidence 
from the data is present to suggest that the acid 
rain solution had an effect on the protein struc-
tures of either type of spider silk.
Manuscript edited by Shama Bhatia and Karren 
Yang. Translated by Daphnée Dubouchet-Olsheski.
La soie d’araignée est à la fois robuste et flexible 
pour sa taille et son poids.[1] Ces propriétés ont piqué 
la curiosité de déterminer la structure des protéines 
des fibres de soie qui pourrait permettre éventuelle-
ment la production des soies synthétiques.[2] Cette 
étude compare les spectres mi- infrarouges (Mi IR) 
de soie de cinq espèces différentes d’araignée afin 
de trouver des similitudes entre les espèces et les 
genres de toiles.  Les résultats démontrent que 
les spectres mi- infrarouges de tout type de soie 
d’araignée étudié sont similaires, présentant des 
apogées de protéines dans les régions de l’Amide 
I et II.  Afin d’étudier les effets environnementaux 
d’une solution acide sur la structure de la proté-
ine de soie, la soie de deux des cinq espèces, le 
orbe tisserand noir et jaune (Argiope aurantia) et la 
veuve noire (Latrodectus Hesperus), ont été expo-
sé soit à la pluie naturelle soit à une solution d’acide 
sulfurique 0.001 M qui est proche au pH de la pluie 
acide.  Les spectres obtenus à l’onde dirigée Mi IR 
et les données obtenues de l’absorption de la radi-
ographie près du seuil de la spectroscopie (ARSS) 
ont été comparés de ces échantillons afin de con-
stater l’effet de la solution d’acide sulfurique sur 
des protéines de soie.  Il n’y avait aucune preuve 
probante des données suggérant que la solution 
d’acide sulfurique avait un effet sur la structure des 
protéines de soie des araignées étudié.
35
proteinaceous fiber is used by spiders to construct 
webs, with the silk having  toughness values great-
er than the most natural and synthetic fibers.[¹]
Introduction
Spider silk has outstanding tensile properties in-
cluding very high specific strength and elasticity. A
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The silk has many functions in nature, including sup-
porting the weight of the spider and absorbing kinetic 
energy to stop flying prey that careens into the web, 
without breaking under the strain.[3] Due to its unique 
properties, spider silk has many possible applications 
in industries, such as its use in biomaterials, which is 
why there has been continuing research focusing on 
protein structures and techniques involved in creat-
ing synthetic spider silk. Spider silk is composed of 
proteins, which are large molecules made of repeat-
ing amino acids that perform many functions in cells 
and form many biological materials. Alpha helices 
and beta sheets are the types of secondary protein 
folding structures that are present in the spider silk 
proteins. β-sheets are thought to correspond with the 
tensile strength of spider silk, whereas α-helices are 
thought to correspond to spring-like structures and 
may allow for the extensibility and elasticity in spider 
silk protein. [4,5] Proteins can be denatured, meaning a 
change in protein folding can cause a loss of protein 
structure and function due to intense temperature or 
a change in pH[6], therefore our study focuses on the 
potential effects of simulated acid rain conditions on 
the protein structures of the spider silk.
Silk samples were collected from five different 
spiders: the western black widow (Latrodectus hes-
perus), the brown widow (Latrodectus geometricus), 
the red back (Latrodectus hasselti), the house spi-
der (Steatoda triangulosa), and the black & yellow 
orb weaver (Argiope aurantia). The Argiope aurantia 
produces a common spider web containing support 
lines, a spiral of silk fibers in the middle of the web 
and a stabilimenta, a distinct zig-zag pattern in the 
very centre of the web. The Latrodectus and Steato-
da spiders produce a cobb web, a tangle of fibers 
with little visible structural organization. These two 
types of spider species were chosen in part for their 
distinctly different web structures, so that we could 
see if there were any differences in the silk protein 
structures from different webs.[7]
Two beamlines were used to analyze the protein 
structures of the silk samples: the Mid-Infrared (Mid 
IR) Spectromicroscopy beamline, and Absorption 
Near Edge Spectroscopy (XANES) technique on the 
Scanning Transmission X-Ray Microscopy (STXM) 
endstation of at the Spectromicroscopy (SM) beam-
line at the Canadian Light Source (CLS) synchro-
tron in Saskatoon, SK Canada. The samples were 
analyzed  prior to treatment, when treated with the 




The Argiope aurantia spider silk was collected 
from the wild in Uxbridge, ON Canada, and the other 
four samples were collected from a spider lab of Dr. 
Maydianne C.B. Andrade,
Professor, Department of Ecology and Evolution-
ary Biology at the University of Toronto, Toronto, ON 
Canada, M1C 1A4. The silk was extracted from pre-
viously made webs, placed onto microscope slides, 
and secured with glue on each end to prevent move-
ment during transportation. 
Sample Preparation
The silk samples were prepared differently for 
each beamline at the CLS. Silk samples for the SM 
beamline were prepared by CLS staff following meth-
ods described in Hernández Cruz et al, 2006[8] and 
Rousseau et al., 2007.[9] Briefly, the fibers were em-
bedded in an epoxy resin made from trimethylolpro-
pane triglycidyl ether and 4,4’-methylenebis (2 meth-
ylcyclohexylamine) mixed at a 1:1 ratio and placed 
in rectangular molds for 1-2 days at 60°C until the 
epoxy solidified. The epoxy resin containing silk fi-
bers was sectioned to a thickness of 100 nm, and the 
sections were mounted on grids for STXM studies 
scanning. For the Mid-IR beamline, whole silk fibers 
were mounted on circular calcium fluoride disks and 
held in place with tape, as prepared by at the CLS by 
the students. 
Silk samples were exposed to acid and rain water 
separately for one minute before the excess liquid 
was removed. A dilute solution of 0.001 M sulphuric 
acid was used to simulate acid rain that a spider web 
may be exposed to in its natural environment and the 
rain water was collected in Uxbridge, ON Canada. 




All samples were studied using the Mid IR beam-
line but only the Latrodectus hesperus and the Ar-
giope aurantia silk samples were analyzed with the 
STXM beamline due to time constraints. With the use 
of infrared spectroscopy at the Mid IR beamline, we 
recorded vibrational spectra. There are two primary 
features presented in the protein Infrared spectrum, 
one being the Amide I band which falls into the range 
of 1600-1700 cm-1 and the other being the  Amide II 
band falling into the range of 1500-1600 cm-1.  The 
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Amide I band arises primarily from the C=O stretch-
ing vibrational modes of the peptide backbone while 
the Amide II band is from C-N stretching vibrational 
modes. The representative spectra is shown in Fig.1. 
Particular interest goes to the Amide I band which is 
primarily determined by peptide backbone conforma-
tion. All five types of silk were analyzed with this tech-
nique in all three forms: untreated, treated with rain 
water, and acid treated. At the STXM endstation (SM 
beamline) we recorded XANES spectra by detecting 
the amount of x-rays absorbed by the sample in the 
carbon absorption region (typically we used 280 eV 
– 305 eV). A reconstructed chemical map at the ab-
sorption energy for the carbon-hydrogen amide bond 
(288.5 eV) is shown on Figure 4 as a direct indication 
of protein content. This indicates where proteins are 
present and in what density. This method was used 
to analyze the Latrodectus hesperus and the Argiope 
aurantia silk samples to investigate differences be-
tween Argiope (orb web) and Latrodectus (cobb web) 
silk fiber composition and protein distribution, as the 
spiders produce different web structures.[7]
Mid IR Spectra
Figures 1 shows Mid IR spectra of the Argiope 
Untreated (a), Argiope Acid-Treated (b), and Latro-
dectus compared to Steatoda (c). The arrows labeled 
“alpha helix” and “beta sheet” in Figure 1a points to 
the areas of the spectra that correspond to the absor-
bance of each protein structure (the mean frequency 
for alpha helix absorption is 1652 cm-1 and the aver-
age for beta sheets is about 1629 cm-1)[11]. All the silk 
types show protein peaks in the Amide I (1600-1700 
cm-1) and Amide II (1500-1600 cm-1) regions, which is 
consistent with the literature.[4] Data indicates varia-
tion in the silk structure even within the same web, 
as shown in Figure 1b to the right of the protein peak 
region. Figure 1c includes a peak present at around 
3250 cm-1 in the top set of spectra of Latrodectus silk 
sample, which is not present in the bottom spectra of 
the Steatoda silk sample.
 
Web Composition
The Argiope web had two very distinct silk struc-
tures present and we tested a sample of both on the 
Mid IR beamline. Most of the web is composed of 
structural silk fibers forming the backbone of the web 
and a circular spiral coming out from the center of 
the web, but in the very center of the web a zig-zag 
structure of thick silk, the stabilimenta, can be seen. 




Figure 1. Mid IR spectra of the Argiope Untreated 
(a) , Argiope Acid-Treated (b) and Latrodectus com-
pared to Steatoda (c).
CANADIAN YOUNG SCIENTIST JOURNAL  ·  LA REVUE CANADIENNE DE JEUNES SCIENTIFIQUES  #1.2014
38
stabilimenta silk appeared to be a tangle of very thin 
silk fibers (Figure 2b), as opposed to the single thick 
fiber of silk that composed the rest of the web (Fig-
ure 2a). Mid IR spectra shown in Figure 3 indicates a 
reversal of the ratios of alpha helices to beta sheets 
in the stabilimenta from the rest of the Argiope web.
STXM Transmission Image, Protein Map, and Pro-
tein Spectra
Figure 4 shows the transmission image (a), protein 
map (b), and protein spectra (c) of the untreated Ar-
giope silk sample from the STXM beamline. Figure 4a 
shows the protein of the spider silk absorbing energy 
from the beamline. Proteins absorb at 288.5 eV be-
cause that is the absorption of the carbon-hydrogen 
amide bond present in the proteins and they appear 
as dark areas. The grey areas are composed of the 
resin that the sample was embedded in. The map in 
the top right (Figure 4b) shows the distribution of the 
proteins in the sample. The colours correspond to 
the colours of each spectra in Figure 4c. The red and 
brown areas on the map are resin, as shown by the 
lack of peaks in the spectra. The areas of yellow and 
green on the map are proteins, shown by the distinc-
tive peak in the spectra corresponding to the energy of 
the carbon-hydrogen amide bond absorption. The yel-
low spectrum exhibits a sharp peak at 288 eV and the 
green spectrum exhibits a slight shoulder at 287 eV. 
Discussion
We cannot discern any change between the pro-
tein peaks in the Amide I and Amide II regions of 
the untreated and acid-treated Argiope silk samples 
(Figures 1a and 1b). Both peaks are still present and 
it appears from these spectra that the acid solution 
had no effect on the protein peaks of the Argiope 
samples. We had predicted that a change in the pro-
tein peaks could have been caused by the denatur-
ation of protein structures due to acid exposure. Two 
possible explanations for the lack of change in pro-
tein peaks between the untreated and acid-treated 
samples are that the acid rain solution was not con-
centrated enough for a change to be detected with 
the methods we used, or that the simulated acid rain 
solution did not alter the protein structure of the spi-
der silks because it is not concentrated enough to 
cause denaturation. This raises questions about the 
environmental effect of acid rain on biological fibers 
such as spider silk. In Figure 1c the peak present 
around 3250 cm-1 corresponds to water absorption 




Figure 2. (a) optical microscope image of the single 
silk fiber that makes up most of the Argiope web, (b) 
the tangle of thin strands of web that compose the 
stabilimenta structure in the center of the web.
Figure 3. Ratio reversal of alpha helices to beta sheets 
in the stabilimenta from the rest of the Argiope web.
Figure 4. X-ray transmission image (a), protein map (b), and protein spectra (c) of the untreated Argiope silk 
sample from the STXM beamline.
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that Latrodectus silks are affected more by the pres-
ence of water than the Steatoda silks. As shown in 
the protein spectra in Figure 3 and the corresponding 
structural image in Figure 2, there is a reversal of the 
ratios of alpha helices to beta sheets in the stabili-
menta from the rest of the Argiope web. Since the 
beta-sheets correspond to strength in the silk and the 
alpha-helices correspond to the stretching properties 
of the silk, a reversal of the peak ratios in the spectra 
suggests quantitative evidence to support the visible 
structural differences in the silk types. On the STXM 
protein spectra, the yellow spectrum exhibits a sharp 
peak at 288 eV but the slight shoulder (287 eV) on 
the green indicates that some resin penetrated the 
sample. Other protein maps and spectra from the 
STXM beamline did not provide evidence indicating 
that the acid rain solution had an effect on the protein 
structure of the spider silk. This could be because 
the concentration of the simulated acid rain solution 
was too low to cause a chemical change in the com-
position of the fiber, or because the resin coating the 
sample prevented the detection of the change.
Conclusions
Mid IR spectra from all the types of spider silk 
showed protein peaks in the Amide I and II regions. 
The widow silks had a peak around the 3250 cm-1 
wavenumber range that was not present in the other 
silk types. There was also a reversal of alpha helix 
and beta sheet content between two structurally dif-
ferent types of silk from the Orb Weaver. There was 
no conclusive evidence from the data to suggest that 
the acid rain solution had an effect on the protein 
structures of either type of spider silk, leading us to 
infer that either the concentration of acid water does 
not have an effect on the silk proteins, or that the ef-
fect of the acid could not be detected using the tech-
niques implemented in this study. 
Future Directions
Further research is necessary to determine 
whether the tensile properties of each silk structure, 
regular web fibre and the stabilimenta, correspond to 
the results obtained in this investigation with regards 
to strength and alpha helix and beta sheet content. 
More exploration is needed to investigate the differ-
ences in silk characteristics between spider genera, 
such as water absorption in Latrodectus and Ste-
atoda silks. Beta sheets are thought to correspond 
with the tensile strength of spider silk, therefore more 
research is needed to further explore this correlation. 
More research is needed to further explore the en-
vironmental effects of acid water on biological fibres 
such as spider silk and their proteins.
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Review of Spider silk protein structure analysis by FTIR and 
STXM spectromicroscopy techniques
The study aimed to derive information on the underlying protein structure of silk fibers produced by 5 differ-
ent spider species. The effect of an acidic environment was further evaluated to mimic acid rain-like conditions. 
Elements of protein structure were estimated from mid-infrared spectroscopy and x-ray absorption near edge 
spectroscopy data.
In general, this report is well written. Somewhat lacking however was a description of what is already known 
about spider silk structure and how the results from the present study relate. Additional details regarding meth-
ods used to collect the data are also needed. Some minor spelling, punctuation and grammar errors should 
be corrected. In general, figure legends should more explicitly describe what is shown in the figures, including 
some information on experimental design and conditions. 
Abstract
The abstract captures the purpose of the experiment, essential background information, and the main 
results and conclusions of the study. The use of acidic conditions to mimic acid rain-like conditions should be 
made more explicit here.
Introduction
The introduction describes the importance of spider silk and introduces proteins and the relevance of sec-
ondary structure elements to structural properties of spider silk. The authors should remove the definition of a 
protein for this intended audience. 
Five different spider silks were selected for this study. Some discussion on why these in particular were 
selected and what is already known about their properties would be appropriate to include here.
Materials and Methods
The method for silk extraction should be better described or else referenced.
The remainder of the sample preparation is sufficiently well described. Details on the instruments used and 
relevant settings used to produce the results should be included.
Results
The results section should be better organized. The first paragraph reports on mid-IR results (Figure 1), 
then on STXM results (Figure 4). The next paragraph then goes back to mid-IR results. The authors should 
retain the sub-headings already present but distribute material from the first paragraph where appropriate.
The authors use 10mM sulfuric acid to mimic acid rain-like conditions. What was the pH of the solution in 
absence and presence of protein? Would a buffered solution not be more appropriate? These questions should 
be addressed here.
The macroscopic structure of agriope web is described. Authors should consider including a picture as a 
separate panel in Figure 2.
The significance of the data shown in Figure 4 should be better described. What is the protein map in 4a) 
and how does it relate to what is shown in 4b) and 4c)? What is the significance of the colors of the map in 4b)? 
What do the spectra suggest about protein structure?
Discussion
The authors indicate that no differences in spectra were seen under untreated and acid-treated conditions 
and suggest that the pH was not low enough (i.e. sulfuric acid solution was too dilute).  What was the pH of the 
different samples? On what basis was 10mM sulfuric acid selected as a mimic for acid rain? Is this appropriate? 
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Would buffered solutions not be more appropriate? What is known already about the structure of these (or 
other) silks under similar treated/untreated conditions? How do these findings relate to those of others?
The reversal of secondary structure in agriope web is an interesting finding. Has such a reversal been re-
ported for this or other silk types? 
Figures
In general, figure legends should more explicitly describe what is shown in the figures, including some in-
formation on experimental design and conditions. 
Figure 1. A legend describing the different colored lines should be included. 
Figure 2. The title of the figure should be optical microscopy of silk. The data shown in a) and b) should be 
described under each section. What is the magnification of the individual images? A separate panel showing 
the macroscopic structure of the web should be considered to relate to the description in the text (results sec-
tion) 
Figure 3. What are a) and b) panels? What are the different colored lines?
Figure 4. Describe the experiment at a high level. What are the colors shown in panels b) and c)?
Les Kondejewski, Ph.D., Director, Research Programs, Ontario Genomics Institute, Toronto, Ontario
